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(54) Image-forming apparatus 

(57) An image-forming apparatus comprises an en- 
velope, an electron source and an image-forming mem- 
ber arranged within the envelope, as well as an electron 
source drive circuit An electroconductive member is ar- 
ranged on the inner wait surface of the envelope be- 
tween the electron source and the image -forming mem- 
ber An electric current flow path A is formed as extend- 
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ing between the electroconductive member and the 
ground without passing through any of the electron 
source and the drive circuit The electric current flov. 
oath A has a resistance lower than the resistance of an - 
other electric current flow path B extending between the 
eteclrOiX-nductive member and the ground by way of the 
electron source or the drive circuit 


FIG. 11 B 
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Description 

bach:ground of the invention 

Fig d of the fnveniton 

This invention relates to an irnage-forming appara- 
tus such as an image display apparatus comprising an 
electron source 


Related Background Art 

CRTs (cathode --ay tubes) are typical image-forming 
apparatus that utilize electron beams and have been 
used widely long since 

in recent years, flat type display apparatus using liq- 
uid crystal have been getting popularity, replacing grad- 
ually CRTs However they are not emission type and 
accom.panied Dy a number of problems including the 
need of a bacK light and hence there has been a strong 
demand for emission type display apparatus While 
plasma displays are commercially available currently as 
emission type displays they are based on a principle 
different from CRTs tor light emission and are not com- 
parable in terms of the contrast of the displayed image 
and the coloring perlorm.ance of the apparatus fVlean- 
while. efforts have been paid for research and develop- 
ment in the field of realizing a flat type image-forming 
apparatus by arranging a plurality of electron-emitting 
devices that is comparable with a CRT in terms of the 
quality of the displayed image For example, Japanese 
Patent Application LaidOpen No 4-163833 discloses 
a flat type electron beam image-forming apparatus re- 
alized by containing linear thermionic cathodes and 
complex electrode structures in a vacuum envelope 

With an image-forming apparatus comprising an 
oicctron source, the electron beams emitted from the 
electron source to strike an image-forming member can 
panly collide with the inner wait of the vacuum envelope 
to make it emit secondary electrons and become 
charged up to raise the electric potential at the local ar- 
eas of the inner wall hit by electron beams Then, the 
vacuum envelope shows a distorted potential distribu- 
tion to produce not only unstable electron beam trajec- 
tories but also internal electric discharges to degrade 
and eventually destroy the apparatus 

The charged up areas come to show a raised elec- 
tric potential and draw electrons, which by turn further 
raise the potential of the areas until they come to dis- 
charge electrons along the inner wall of the vacuum en- 
vGioce Known meth<x3s of preventing chargo-ups and 
subsequent discharges from taking place on the mne 
wall ot the vacuum envelope include forming an anti 
c^^vae film h,-vina an aocropnale imoodancG on the in 
no' .vail 01 the va:uum o^'velope Jaoaneso Patent A;^ 
piicition Laid-Jpor No 4 163533 discloses an imago 
t'vm.fiq appar,-:;us comcnsmg oloct roconductivo l.^y 
o' a hiqM '."^oecanco oioctrcKZOfTductivo materiHl ar 


'anqeo on :hG lateral S:dos ot the inner wall of a'.^sG 
onvelopo cf ine acpardtus 

howGvor a flat type electron toam imaqe-fcrmmq 
apparatus as Oescnoed in Japanese Patent Apphc^tior' 
:.aid-Open No 4-163^33 has a consioerablG depth be- 
cause the g'^ss envelope of the apparatus contains spe- 
cifically designed structures inclu(jing horizontal and 
vertical deflecting electrodes m it On the other hand 
there is a demand for electron bo.-. - image-forming ap- 
^0 paratus to be usee as ponaote in:, i.mation processing 
terminals that are as thin and light weight as a hauid 
crystal display 

In line with the efforts for realizing very thin im.j-o- 
forming apparatus the applicant of the present patent 
application has achieved a numoer of improvemGniG f-or 
surtace conduction electron-emitting devices ar<d in:- 
-.qc-torming apparatus comprising such device? For 
example Japanese -atent Application Laid-Open No 
I -235255 describes a-^ electron-emitting device ravmq 
20 a simple configuration Such devices can be arranged 
over a relatively large area in large numbers to reatize 
■A very thin eiecvon beam tmage -forming apparatus 
Without using complex structures such as electrode 
structures 

-5 In an image-formmg apparatus of the type under 

consideration a voltage is applied between the electron 
source and the image-forming member to acco^^r -iio 
electrons If ordinary fluorescent bodies are used \o\ tno 
image-forming member, this voltage is desirably raised 

20 at least to a level of several kV in order to provico 'he 
emitted light with a desired colonng effect 

Then, in a very thin image-forming apparatus the 
risk of electric discharge rises high because the inner 
wall of the vacuum envelope has only a short length be- 

■35 tween the image-forming member and the electron 
source 

fVlore specifically as a voltage is applied betwoon 
the image-forming member and the electron source to 
accelerate electrons, a strong electnc field is generated 

'^0 along the inner wall of the vacuum envelope particularly 
when the inner wall of the vacuum envelope has only a 
short length between the image-form.ing member and 
the electron source As described earlier, the olectror- 
beams emitted from the electron source can partly col- 

^5 iide with the inner wall of the vacuum envelope to make 
It emit secondan/ electrons and become charged up to 
raise the electric potential at the locai ^reas of the nne^ 
wall hit by electron beams Then some of the scccr d.-iry 
electrons acceleratea by the strong electric tie. a can 

^0 strike the inner wall of the vacuum envelope to qivo mso 
to recurrence of the charge-up and the omission soc ■ 
ondary electrons 

Thus. th,o re exists a need 'cf 'mprc.vir^q ima^'^-' t:- — 
apparatus i! thcv arc 'o be '^\i::o e- \'-'\v^,\^- 
CiUbC the ' sk of Gie.rt'u: a. sen voe 'isgg hi:^h 

if sucn .v^ oioctnc cJiscria-q.^ ta^e^ plac^^ a' v^ 
I'l.nGf vvali ct tr^^ vacuu'^^'i erVv'Gi "c^'^ i i.-ir^v^ '-''t^ ^; - ■ - 
rent tGrr^oc -i':iv appe i's and \^'.^^\ *^-.v■^ , — . • 
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Iron source and then down to the grouna ^^■'c..-M !^~e 
wires arranged in the electron source 

Then, if the electric current flows througn ai! or 
of the electron-emitting devices of the electron source 
with an intensity that exceeds the allowable limit for tne 
normal operation of driving the devices, their porforrr- 
ance can become degraded and m some cases some 
of the devices can become destroyed Then the image 
displayed on the image-forming apparatus can be lost 
If partly, to remarkably degrade the quality of the image 
and make the image-forming apparatus no longer oper- 
ational 

Additionally, the electron source drive circui! can a'- 
so be damaged if the electric current produced by the 
eloctrtc discharge flows into the circuit by way of the 
v/ires connected thereto 

SUMMARY OF THE INVENTION 

In view of the above identified technological proc- 
lems of known image-forming apparatus of the type un- 
der consideration, it is therefore me principal oojoct o' 
the present invention to provide an image-formmq ap- 
paratus comprising an electron source that can mini- 
mize the risk of degradation and darTiage of the electron 
source and the electron source drive circuit if electric 
discharges occur in the apparatus 

According to the invention there is provided an im- 
age-forming apparatus comprising an envelope an 
electron source and an image-forming member ar- 
ranged within the envelope and an electron source drive 
circuit, an electroconducttve member arranged on the 
inner wall surface of the envelope between the electron 
source and the image-forming member and an electric 
current flow path A extending between the electrocon- 
ductive member and the ground without passing 
through any of the electron source and the drive circuit 
and the electric current flow path A has a resistance low- 
er than the resistance of another electric current flow 
path B extending between the electroconductive mem- 
ber and the ground by way of the electron source or the 
drive circuit 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1 IS a schematic plan view of an embodim,ont 
of image-forming apparatus according to the invention 
showing the arrangement of the rear ptate and the sup- 
port frame 

FIGS 2A 2B and 20 are schematic panial cross 
sectional views of the embodiment of FIG i taken aionq 
linos 2A-2A 2B-2B and 2C-2C m FIG 1 rosoectivoiy ' 

FIGS 3A 38. 3C 3D and 3^ a^G scherr.a^c cai^ia 
plan viows of an imaQo-forminq a:^paratus accordmc ic 
the invention m different manutacturmq steps 

FIG 4 13 a schematic oersDCCliV o v^ow o' r^.^aM/ 
p:ato and the low resislance oiecinc conauc'o- ar.'anqoc 
thereon of an imago-formmq appa^4tus accord'nq !o tne 


HGS 5A and 53 are qraohs showinq I'/v>. i,:e:- 
''ve pij^so voltages fna: can bo used 'or fo'-v-q 
!'cn-emir[ing region of surface conoucticn .v,..;..,;, 
emitlinq qovtco lor the purpose of the mvontior: 

F!G 6A IS a schematic blocK diagram j\ ,-4 ..^ ..^^ 
^ysien-; for verifying the edect ot an iTiaqo-fo-r:'— - 
paratu;. according to the invention 

FIG 6B IS a graph schematically show nq ino o'o= 
^0 !ric cu'rent observed by using the gauging -,ys*---^, 
FIG 6A 

F'CtS 7 A and 73 are ?cnem,:itic partial viows o- -i: 
ether en^bodtmont of imaqe-forminq apcar-''.-; ; 
'■'10 to T" e invention 

Fli'^S 6A and 68 arc a plan viow and a ^ 
t qnal mow schematically snowing a surface ro—ir\.- 
noctrcf- -emitting device that can ho used 'o' 
pose cii the invention 

Fl''; 9 IS a graph snowing typical olectri : c^^^ac:e^ 
islics c' the surface conducr^on electron-em'ttmg aev c- 
C'* FIG 5 A and SB 

FIltS IOA and 108 are two typical ima.qo-for-:.'v, 
r:-'embers 'hat can be used 'c^r tne purpose r\ ;ho j^vo- 
ti;:n 

^IG 1 1 A is a circuit diagiam o'. an equiv-^ierv r--- 
tc be u::.ed for illustrating the effect of :ne prc'SO'V -v.^-- 
tiDn 

FiCi 11 Bis a schematic partial cress so. Miorv^i vie-/- 
o^ an irnage-forming apparatus according tc the mvo- 
^0 tion, illustrating the correspondence v/ith the oquiva^e-^ 
Ci.-cuit ot FIG HA 

FIGS 12A and 1 2B are a plan view and a ::ar:-a 
c'oss sectional view schematically showinq anolner err 
bodiment of image-forming apparatus according tc tne 
-^5 invention 

FIG 1 3 is a schematic plan view o' still ano'ne^ e:r- 
boijiment of image-forming apparatus accordmq to the 
invention 

FIG 1 4 IS a schematic plan view ot st'll another em- 
■'o bc^iment of image-forming apparatus accorqmq to ne 
invention 

DETAILED DESCRIFTION CF THE P'REFE^^ED 
EMBODIMENTS 

AccC'Tding to the invention there is crcv.;ieq a-^ 
aqe-^orrTning apparatus comortsing an envelcc-:^ a- 
electron source and an im. jqe-iorrTiinq men\ho^ -v - 
ranged within the envetooe .-ird an electro^ y :r 
Circuit an electroconductive morrtaer arr.nr.qoq "^'^ 
inr^'er wall surface of the enve.opo between tr^o e '\-:'e'^ 
'^r^- }icy2 and the imaqe-Njrminq member .i-^q v- - 
^..:^en; *Idw path A extenoi.'vq cefweer^ ;^^o - " ^ - --^ 
i>.Mive member ar^a !hi^ ■ro'jnq ^^,\\'^--\,\ 
;hiOuqn ^r^y of tne electron s-'^jrce .inq v-\c^ ■. .. ■ ■ r 
1'^' 1 vHectric cuf ren' "ow f a:n A '\ Is ^ 
e^ ;^^a'^ :r^e rosisi<Kv:o e;; ar.ofhe' etec;--: ■ - - 

qain B extending be!;veer^ imo ^ ie:q , q 
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bcr and Iho ground by way of [he eiocifon source or the 
drive Circuit 

Now, the preseni tnven:,on will oe doscnoed ;n 
greater detail by way ol prefc^rea erTit;odimertts 

A preferred embodiment of tmage-formmg aopara- 
lus according to ihe invention comprises a vacuum en- 
velope formed by a pair of ooposiieiy disposea flat 
plates ana lateral m,embers arranged between the flat 
plates, an electron source arranged on the inner surface 
of one of the pair of flat plates and having a plurality of 
electron-emitting devices arranged thereon {the flat 
plate carrying the electron sou-ce being referred to as 
roar plate hereinafter) an image-forming rmember ar- 
ranged vis-a-vis the electron source on the inner surface 
of the other flat plate {the tia: d ale carrv^ng the image- 
forming member being rclerrea to as face plate herein- 
after), a voltage being applied between the electron 
source and the image-forming member (o accelerate 
electrons and a low resistance eloctnc conductor ar- 
rangea around the electron source on the roar plate and 
connected to the ground by way oi a low impedance 
electric current flow path i referred to as "ground con- 
nection line" hereinafter) Wr/e it ts preferable that the 
ground connection l-ne has r/^ 'mpecance as small as 
possible, the n^ost imporlani roauirer-nent to be met by 
the ground connection line is that if an electric dis- 
charge occurs the dischafgo current generated by the 
electric discharge mostly flows to the ground through the 
low resistance electric conductor and the ground con- 
nection line to sutticienlly reduce the electric current 
flowing into the electron source 

To what extent the discharge current flows tnrough 
the low resistance electric conductor and the ground 
connection line depends on tne ratio of the impedance 
of the electric current flow path to that of the other elec- 
tric current flow paths (represented by Z and Z' respec- 
tively hereinafter) and. since the impedance vanes as a 
function of frequency, it is necessary to look into the fre- 
quency components of the electric discharge As a re- 
sult of experiments conducted to observe the electric 
discharge occurring along the inner wall of the vacuum 
envelope of a flat type electron beam image-tormmg ap- 
paratus, It was found that, while the electric discharge 
typicatly lasts for several microseconds a large dis- 
charge current can flow only for less than a tenth of the 
duration of the electric discharge or about 0 l microsec- 
onds Therefore, Z should be su'tictenily smaller than 7: 
for a frequency less than lOMHz The trequencv coni- 
pononts greater than lOMH/ dimmish gradually but 
such frequency components typically show a qu'CK nj.- 
ing of electric discharge ana include those close to IGH/ 
Therefore, Z should be sutficiorTtly smaller than Z' tor ^ 
froQuoncy loss man IGH/ ir^ oido^ to reii.-iDiy avo^:) avr ■ 
ages duo to an oiectnc diSc^\:ugo 

As will be Ooscrjboa tioro-iatlor \r- is roqu'romonl 
satisfactorily me\ wf^on Uio resistance o* Ihc ground cof ■ 
noclion line IS less than ]■]{) c -^yerablv loss tria- ^ 1 v), 
of the rosislancf> o! anv olhiy. o-oclnc current fiov, ca'^^:: 


FIG 1 1 A IS a circuit diagram of a sirTiphfied equiva- 
lent circuit Illustrating the e:eciric currents that apooar 
When an electric discharge ^recurs m an image-f orm:ng 
apparatus according to the invention FIG IIB is a sche- 
matic partial cross sectiona' view of an irr,age-forming 
apparatus corresponding to the equivalent circuit of FIG 
IIA, also showing the ole:Ir(c currents that appear 
when an electnc discharge ■x:curs in the apparatus In 
FIG 11B, there are shown a rear plate T an electron 
source 2, electron source anvo wires 3 a support frame 
4 a low resistance electric conductor 5 a face plate 1 1 
an image^formingmemoer 1 andan insulating member 

13 The insulating membo^ Ti may bean insulation layer 
formed by printing or an insulator panel of gl.iss or cc 
ramie The insulating mcmpor 13 may be entirely pr.. 
duced by applying glass pa'-to by moans c^f a printing 
technique and then bakmg rhe paste Alternatively a 
glass or ceramic plate may bo useo as part ot the insu- 
lating member 13 m order to provide the latter with a 
sufficient degree of insulation and prevention of dielec- 
tric breakdown In this embodiment an anti-charge fi'm. 

14 !s arranged on the inner wall of the vacuum, envelope 
Note that in Fl(3 liA point 61 corresponds to the irn- 
age-forming nnemDer 1 2 and pomi 52 corresponds to tho 
low resistance electric conductor 5 whereas po<nt 65 
represents an olectron-emittmg device of tne electron 
source and points 63 and 64 represent the resDoctivo 
opposite electrodes of the electron-omittmg covico 
While the electron source noimally comprises a plural. ty 
of electron-emitting devices only a single device is 
shown in FIG HA for the purpose of simplicity Reference 
numeral 66 denotes the capacitance between the irrv 
age-formtng member 12 and the electron source 2 

Reference symbol Z^ denotes impedance be- 
tween the image-forming member 1 . -a the low resist- 
ance electric conductor 5 which is roiativolv large due 
to the anti-charge film 14 under normal conditions 
(where there is no electric charge) but falls effectively 
and remarkably to cause electric current I to flow once 
an electric discharge occurs Reference symbol Zo de- 
notes the impedance for electric current flowing from 
the low resistance electric conductor 5 itself down to the 
ground Reference Z3 denotes the impedance for elec- 
tric current flowing through the insulation 'ayer the 
glass of the vacuum envelope the fnt g.ass used for 
bonding and the suppors of tne imaqo-torrTiing appara- 
tus down to the ground, although this electric current can 
be made very smal. and noaliqiblo when a sufticioniiy 
l.-uqo resistance -s selectee If r the r^sulat'Or^ l.iyoi R'M- 
cronce symbol Zj denctes tne impedance for oioctnc 
current 13 flowing througfT the anti-cnarqo fiini 1 ^ mto trie 
electron source and then tLj ther down t'-^ tfie c^J|--''■'; 
through Ihe c-toctron scj'co drivo a-ios 
symipol Z5 Ut3[^(jtos :^^o impoca^^co ' o;;- .. 
'io;v no throuc^' tno anii-(--,iroo tn'-- ' -ro ;r^o .^-^ 
SOurc 0 and ttv^n \;Mo Iho O'-^c!' on -or-^ i- . ■ 

t^ny"'Co Z^ do'^ jtns If^o 'r''[>^o ^'ic^ • :■■ '■-•'^ ^v^" - 
I Jor^oioa a 'SO t}v I4 1 ''Ow.'- -] : p r> ■ 
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t-nq device 2 and then down !o the ground by way o! the 
;ine dt the oppcstto end ol Ihe device 2 rjote that the 
ea-Jivalent circuit oi FIG 1 1 A is a simplified expression 
of :ho omDcOimer; shoAinq only the elements that are 
mcsl significant for the purpose of the invention al- 5 
tticuqh rigorously spo-riKing the embodiment involves 
c :.rnplo> factors such as the fact that the electron source 
d^ive wires 3 are conne:;ed to an electron source drive 
circuit and a capaclivo coupling may exist between any 
twc* comiponents ;o 

For the purpose of the invention once a discharge 
current appears and flows into the low resistance elec- 
:h(: conductor fncst of it should be made to flow to the 
qrcxjnd (as electric current i^) to sufficiently reduce the 
lomaining current ;. I. i-. and ^ Note thai of the electric 
cu.'-onts ttio eioctcc current u is the one that can dam- 
age the electron -omitting device While not pointed out 
above tne eM}c(fic current to can damage the vacuum 
erivGlope and the !r;t glass in tne apparatus although it 
can oe m<3de low by selecting a sufficiently large resist- 20 
ance for the -nsulation i^yer as described above Thus 
'he imoecan;::o Z^, corro;n)onris to the impedance Z de- 
scribed earlier ar^j the composite impedance of Z--. 
t^-:ugh Z,- corrosconos to the impedance Z' in the ear- 
I'er doscript.on While a small value of the ratio (Z'Z') is --5 
eftostive for the Purpose of the invention a value cf (Z/ 
Z'i 1/10 IS required for frequencies below lOfVIHz A 
value of iZy'Z'i i.'l 00 v;i|i make the effect of the inven- 
ticn more rei.able Preferably the relationship of [ZJT) 
\. 1 /1 0 holds true for frequencies below IGHz. 30 

While the anti-charge film is arranged on the inner 
v;ail of the vacuum envelope in the above description 
and such an arrangement is effective for reducing the 
possibility of appearance of charge-ups and hence pro- 
vides a preferred mode of carr/ing out the invention, the 35 
anti charge film may not necessarily be arranged in 
such a way Wmle the anti-charge film should show a 
certain degree of electroconductivity because it is use- 
less if It shows a large sheet resistance, a large electric 
current can flow between the image-forming member -io 
and the low resistance electric conductor to increase the 
power consumption of the apparatus under norma! con- 
ditions If the sheet resistance is too small Therefore, it 
should have a sheet resistance as large as possible 
wilhm a limit for keeping it effective as an anti-charge -5 
film Although the sheet resistance may vary depending 
on the configuration of the image-forming apparatus, it 
IS preferably found within a range between 10^ and 
lO^'^'k^: 

The l3w resisianco electric conductor of an image- 
forming apparatus according to the invention is ar- 
ranged to totally surround the electron source in order 
to rT^-^Ke tt ODcra;'} 'nost 'ehaoly alttiough it may be a-- 
ranood in rr^^ny d,'\-.^ont ways -or exaniple. :t rr.ay 00 
arranged only r-^ s.co(Si of the electron source that 
can oasHy q:vo m^,,^ ' - oiortnc d'ScfTarqes II tfio mc^ior^ 
turn of some ot th.-- t-octr ons cniiiec from the eiecvon 
or^ittinq dovicos o* t^o* o:ec;ror^ source h<^s a comcono-^* 


directed in a specific directic>n along the surlaco of tn.: 
rear plate most of the electrons reflected and s:.-it*o^oq 
by the image-tormmq momoer will collide with a portion 
of the inner wall of the vacuum envelope locaieo at the 
end of the specific direction so that an etoctnc discharge 
will most probably occur at that portion Therefore the 
low resistance electric conductor will be highly effective 
if It IS arranged only cn the stde of the electron source 
where that porlion is l-Dcated 

Of the ground connection tine of an image-tormmg 
apparatus according to the invention the ponton thrit 
connects the inside and the outside of the vacuum en- 
velope (hereinafter referred to as "ground corr^ochon 
terminal") may lake various forms provK^ed that li shov;s 
a sufficiently low rTioecjancc For oxarTipIo a wire nr^^y 
be arranged for the ground connection line wth jut dif- 
ficulty on the rear Qla:e between the low resistance elec- 
tric conductor and an end of the roar pl3te and then 
made to pass betweeri :he rear plate and the support 
frame that are bonded to each other by fn; qlsss While 
the wire preferably has a large width and a large height 
from the viewpoint of reducing the im.pedance of the 
wire It can obstruct the assemblage of vacujm enve- 
lope T It IS too high V'/hrt; the wire may nave a w;d:h 
slightly less than that cf the rear plate along wh'Ch tre 
wire IS arranged a ■argo cap<icitanco can be oroducod 
between the wire and the electron source drive v,ifes ;o 
adversely affect the operation of driving the electron 
source if the electron source drive wires are arranged 
on the wire having such a large width with an insulation 
layer interposed therebetween to form a multilayer 
structure Then, m.easures has to be Xa'-^on tC' ehmma.te 
such a large capacitance It may be preferable to ar- 
range the ground connection terminal in an area where 
no electron source drive wire is located 

Although the use of a wide wire to reduce the im- 
pedance of the ground connection terminal is also ef- 
fective for preventing part of the discharge current from 
leaking into and damaging the frit glass, this effect can 
be made more reliable when the ground connection ter- 
minal IS realized in the form of a sufficiently large rTiotal 
rod running through a through hiDle formed in the face 
plate or the rear plate and coated with an insulating ma- 
terial such as alumina or ceram<c that does not allow 
any ionic current to flow therethrough 

It IS preferable from the design pom: of view tc make 
both the high voltage connection tormina for connectma 
the image-forming member to a high vcttaao source anc 
the above described ground connection to-^^inHj of a-^ 
irr^age-torminq apparatjs .ur^ through a, t^--c,.at^ '^oc^ 
formed in the rear olaie when applying tne aooaratus to 
a TV roceivinq set or the like because tho .~ C'v-ec:!"^'^ 
w;ih the high volt.-igo source ano tno o' :,oo: o*^ 
founq cn the roa^ s.ao *r-o .a^-iao -fow- : • - 

althouoh TTieasuros ^'^-ly h.^vo to bo lakc^^ a:oi -^c: 
tne diccharqos tt^^t can ta^•^ place on !h.^ ^ ' 
I'^su'atior^ coat duo tc f^o *'.'.y^ \ rc,-iOt^ • .* ■ 
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\he insuldlor coat ol me high voilaqe connection lormh 
nai A low resistance eiectnc conductor will also have to 
OG arrar^qea arouno the through hoie of the high voltage 
connection tormmril ana electrically connected to the 
iow resistance electric conductor arranged around the 
eicctrofi source Alternatively the two low resistance 
electric conouclors nnay be made into integral parts of 
a s-ngle conductor 

Now. a first embodiment of image-forming appara- 
tus according to the invention will be described by refer- 
ring to FIGS 1 and 2A through 2C FiG 1 is a schematic 
plan view of the first embodiment showing the internal 
arrangement by removing the face plate Referring to 
f-iCi 1 reference numeral 1 denotes a rear plate de- 
scned !o opera 'e as the substrate of the electron source 
arva rriajo oi ri 'naierial seiocteo from soda lime glass, 
soda lirne jheei g.ass coated on the surlace with an 
SiC)2 layer g',iss containing Na tea reduced concentra- 
t on quart/ glass and ceramic according to the condr 
t ons under which it is used Note that a separate sub- 
strate may be use: for the electron source and bonded 
[o tne rear plate after preparing ine electron source Ref- 
erence numeral 2 oenctes an electron source region 
v^nere a plurality i:f electron -emitting devices such as 
surTace conduction electron-emitiing devices are ar- 
ranged and wired aopropnately so that they may bo driv- 
en appropriately according to the application of the ap- 
paratus Reference sym.bols 3-1 3-2 and 3-3 denote 
wires to be used for driving the electron source, which 
are partly d-awn tC' the outside of the vacuum envelope 
and connected to an electron source drive circuit {not 
shown) Reference numeral 4 denotes a support frame 
held between the rear plate 1 and the face plate (not 
snown) ana bonded to the rear plate 1 by means of frit 
glass The electrori source drive wires 3-1 , 3-2 and 3-3 
are buried mto frit glass at the junction of the support 
frame 4 and the rear plate 1 before they are drawn to 
the outside of the vacuum envelope Reference numeral 

5 denotes a low resistance electric conductor thai char- 
acterizes an tmage-forming apparatus according to the 
present invention and is arranged around the electron 
source 2 An insulation layer {not shown) is arranged 
between the low resistance electric conductor 5 and the 
electron source drive wires 3-1, 3-2 and 3-3. The low 
n?sistance electric conductor 5 is provided at the four 
CDrners thereof with respective broad abutting sections 

6 adapted to abut the terminals of a ground connection 

Reference numeral 7 denotes a through hole for 
. blowing a niqh vo'tage lead-in terminal to run tnere- 
;r;rc-ugh iri order to feed the image-forming member on 
\r.e face pi.ilo inot shown) with a high voltage Cither- 
wise a getter 6 and a getter shield plate 9 are arranged 
.*. :*■ ['10 I'^^^qo-f ;::-n:na a^^paratus if necessary 

.;'A ^^L^ a-'d 2C show scnematic partial cross 
vi'.r-o'^ai v i.,'Wb ;)t !".c er^io^xjimen; of FIG 1 taken along 
'no3rA/A .'r3-.'B HTTd 2C in -IG 1 respectivoly In 
1 "A :^M'o ,1-0 s^own Itip t,i.;o plate 11 the irTi.i'.^o- 
' r'-c:"pc' ' wn cri is Jprmed from a fluorescent 


film ..ind a metal rMm le g ol alurTunurr. ) ana .i'sc re- 
ferred to as m.eta! oacK t^e i-sulation laver l 3 ;\nicn is 
arrar.qeo only wnen the prevision of such a layer is r.ec- 
essa-y and an anti-chr-rge fi'm M fcirmed on the inno^ 
5 wall of the vacuun^ envelope Note that the antKhn.rge 
film 1 4 IS formed net only on tne glass layer of the inner 
wall of the vacuum envelope Put also on the tmage-formi- 
ing member 12 anc tne electron source 2 if desired An 
anti-charge film arranged on tne electron source 2 can 
w also prevent charge-ups from taking place 

As pointed out above any leak currents that can 
appear among any of the electron-emitting devices an j 
the wires of the electron source does not give rise to any 
proDiem so long as the sheet resistance of tne ant:- 
'5 charge film is found botv^een lO- ana 10'^U'"_ 

The anthCharge film may oe made ctf any miateri.-:; 
GO long as it provides a aesired sheet resistance and a 
sufficient degree of staoility For example, a film ob- 
tained by dispersing fine grapnite particles to an appro- 
20 p^ate density may oe used Since such a film can be 
miade sufficiently thir a thm Mm of fine graphite panicles 
arranged on the metal back ci the image-forrTning mem- 
ber does not show anv harmful effect such as reducing 
the number of electrons striking the fluorescent bodies 
25 of the image-forming rT^embcr to make them emit light 
Adait.onalty since such a film is less apt to give rise t ;: 
olasti: scattering o( electrons when comoarea with th.;- 
material of the metal back wmch is typically alummjir 
it can be effective to reduce the number of scattcm 
30 electrons which may cause charge-ups 

When an electric discharge occurs along the inner 
wall of the vacuum envelope with the above arrange 
ment the generated discharge current flows into the low 
resistance electric conductor 5 by way of the image 
35 forming member 12 being applied with a high voltage 
and the inner wall of the vacuum envelope and ther-. 
most of the current flows down to the ground througr 
tfie low impedance ground connection line so that th-: 
possible flow of electricity into the electron source 
■^0 through the wires 3-1 and further to the ground througr 
the glass and other members of the vacuum envelope 
can be effectively avoided 

In FIG 2B, the ground connection terminal 15 
connected to the abutting section 6 of the ow resistanc-: 
•^5 electnc conductor 5 Tne ground connection term-ina' i] 
typically comprises a conductor 1 6 and an insulator 1 ^ 
of which the conductor 16 is a metal rod ot Aa or C . 
having a sufficiently larcjo cross sectior^ (e g ar^, Ag roc 
flavin ^ a riiarmoter of 2mm or an electric resistivity a : 
50 small as about 5mU per centimeter or a Cu c Al toe 
leaving an electric resistivity o' about the same leve ■ a^v: 
cc>ated with an Au coat layer arranged to reduce !'>:' c 
ta:t resistance o' the 5ur'ai:e P^efcapiy l';e 
stcct.cf. 6 ctf tne <o\\ resistar^ce eiect' cor^^a.. '~ ■ 
^■^^^ al^o coalt^;J witti Au or ma(je c* Au to nvi jcc i ■' 

resist ince 

Then tne eni'ro oioctnc 'oSiSta^^^-^ c' " ■-■ . 
'ic-w paltT irom ine low resis'a-^ce e>^ c : ■ • 
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down to the ground can bo reduced to h tovel as low as 
IGSS than 1 U by connecting the connector of Iho grouna 
connection terminal 15 to the ground 

On the other hand the coefficient of seli^mductiof i 
of the ground connection line can be reduced to less 
than by reducing the distance between the grounc 

connection terminal 15 and the ground Thus the im- 
pedance can also be reduced to less than about 1012 
for the frequency component of 10MHz Then the im- 
pedance for the frequency component of IGHz w:ll be 
1 kil at most 

Assume here that there is no ground connection 
lino Then the electric current between the low resist- 
ance electric conductor 5 and the ground mamly flows 
through the surface of the rear plate {or the anti-ch^rge 
fdrm It It IS arranged) and goes into the electron source 
before it furlhor flows down to the ground by way of the 
electron source drive wires Referring to FIG ]^A this 
flow path corresponds to those of the electric currents 
I3 and I4 and the dominant factor of the impedance of 
this flow path will be the resistance of the electric current 
flow oath through the surlaco of the rear plate or the 
anti-chargo film If the electron source has a peripheral 
length of 100cm and is separated from the low resist- 
ance electric conductor by 1 cm and the anti^harge film 
has a sheet resistance of lO^ilC the electric current 
will meet a resistance of about 1 MU assuming that ii 
flows evenly through the anti-charge film This value is 
sufficiently large if compared with the impedance of the 
ground connection line 

The electric resistance of this part will be even 
greater if there is no anti-charge film 

If on the other hand, the distance separating the 
electron source and the low resistance electric conduc- 
tor IS reduced to about Imm, then, the resistance of this 
part will be 1/10 of the above cited value If the value is 
further reduced to a fraction of 1/10 of the above cited 
value, the electric resistance between the low resist- 
ance electnc conductor and the electron source will be 
somewhere around lOkQ. This will be an extreme case 
and the actual value wilt be greater than this The resist- 
ance of this part wiH dominate the impedance of the flow 
path of the electrtc current between the low resistance 
electric conductor and the ground when the ground con- 
nection line does not exist Thus, the impedance Z' of 
the electric current flow path is substantially equal to the 
resistance (which will be indicated by R' hereinafter) of 
the entire flow path of which the resistance between the 
low resistance electric conductor and the electron 
source takes a major part 

It a discharge current flows into the low resistance 
otoctftc conductor the ratio of the electric current tha; 
flows luri^ior from ine low resistance electnc conducto,' 
the arouncJ by way of the low impedance lino to the 
olocinc cu^rorM thai f^cws (rorri the low resistance eloc- 
Inc c jucior if ;o the oloctfon source by way ol ine .-m^- 
i:ri,if.-o f'lr^^. ;non jown to Iho ground by wav of t^^o 
oloc;ron-o'T^:iI,nq dcvicos and Iho wires of the electron 


source (S OQual lo the ra:io of the reciprc-:al n^'>-c>- ; 
:ho in-podancG Z an j that of the irT^podanco Z' rT. 
^ IS ton t rTiGS greater than Z then the discnargo c;.r'or 
duo {-) an electnc cjischargo that flows down lo 
^ ■:r j :r- j through ;he oloctron source will bo a fraclicr^ c 
Its co..ntorpart when there is no low impedance irie 

C- the impedance of the low impedance lir^o t^- 
self-induction component will be about lOli for the fro 
quency of 1OMH7 and 1 kii for the frequency of iGh/ 
'0 "^nere'oro if ihe resistance component (which will bo m 
dicated by R hereinafter) is less than Uii, the imped 
ance Z will be 1 kU or less for a frequency range bole/ 
I3H/ .-.r less than 1 ; 1 0 of Z' ( R) If R is less tha'^, iCOLi 
!non if 'c impedance Z will be ^OOU or loss for a freQuo* 
'5 ry range below lOOMHz 

It 'S not oossirjle to define m simple terms the doqrt>: 
of 'od-jction in the electric current flowing into the olo: 
! 'on sc'urcG that can save the eloctron-emitt-n.^ dovco :- 
the vacuum envelope and the drive circuit from damao 
-0 es wh.--n an electric discharge occurs because the do 
gree can vary significantly depending on the various pa 
rametors pf inaivijuai imiage -forming apparatus Mpv, 
ever it may be safe to assume that the discharge curro- 
that flows into the electron source will show a cer'a n 
Ciszer.ioo pattern in statistic terms and as a ^ulo c* 
thumb tho probability of damaging the electron scurc ;- 
can bo significantly reduced by reducing the discharao 
current fic'wng into the electron source by one or ;wo 
dig-ls 

^0 While R' IS assumed to show a minimal value c' 

1 0kU in the above description, a similar effect or an even 
greater effect can be expected when R' r. greater tha-i 
the above value and R is less than 1/10 or 1/100 of R 
Tho low resistance electric conductor 5 may bo 

J5 n-iade of electroconductive carbon such as carbon 
paste The electric resistance between the low resis'- 
ance electric conductor ana the ground connection ikv 
can be held to about 1 0OQ without difficulty by selectm 
a sufficiently large value for the thickness of the conduc 

•io tor to realize a sufficiently small impedance for the f ow 
path relative to any other electric current flow paths 

The ground connection terminal 1 5 may be realize-: 
in a form other than the one described above As an a 
ternative it may be led out to the rear side of !ho roa 
Plate 

In f-IG 2C reference numeral 18 denotes a hig* 
voltage feed terminal for leeding the image-'orr^m :; 
momoer 12 with a high voltage (anode voltage Va.; 
in ;he case of the ground connection torrrnnal tho Ujrr: 
terminal comprises a conductor 16 an j an insuMtc-' 
1 7 VVitti th:s arrangement, electric dischar-os ca'^ c«:cl - 
^iong t^io lateral surface of the insulator ' 7 anp ;*:-'o 
*oro ff>" low resistancG electric conductor 5 Ii p-niO'- -.'r^ , 
r^iado to surround the periphery of the t^vojcn ^ ; : ^ 
-nown nf^'G 1 ir^ order to prevont the aiscr^ 1^0'^ ^ ^ " 
I'O'"^ fir;wir-a into [''•e Gioctron source 2 a/v::l \ - . . 
onv^iooG 

The fiigh voltage wiring may altorna;' v '^'^ h^^ 
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out to tho side ol the face plate This arrangement is 
advantageous from the anti-<:iischarge potni ol view be- 
cause the insulator is not subjected to a hign voltage 
and hence electric discharges would net occur Irequoni- 
ly 

The anti-charge filrTi 14 is lormed not only on the 
inner wall surfaces of the face place, the support frame 
and the rear plate but also on the getter shield plate 9 
Electron-emitting devices of any type may be used 
for the electron source 2 so long as they are adapted to 
an innage-forming apparatus in terms of electron-emit- 
ting performance and the size of the devices Electron- 
emitting devices that can be used for the purpose of the 
invention include thermionic oloctron-emittinq devices 
and cold cathode devices such as field omisson devic- 
es semiconductor electron-emitting aevices MIfvi type 
electron-emitting devices and surface conduction elec- 
tron-emitting devices 

Surface conduction electron-emiitmg devices ot the 
type as disclosed in Japanese Patent Application Laid- 
Open No 7-235255 filed by the applicant of the present 
patent application are advantageously used m the fol- 
lowing embodiments FIGS 8A and SB schematically 
Illustrates a surface conduction electron-emitting device 
disclosed in the above patent document FIG 5A is a 
plan view and FIG 6B is a cross sectional view 

Referring to FIGS 8 A and 88. the device comprises 
a substrate 41, a pair of device electrodes 42 and 43 
an eiectroconductive film 44 connected to the device 
electrodes An electron -emitting region 45 is formed in 
part of the eiectroconductive film More specifically the 
electron-emitting region 45 is an electrically highly re- 
sistive area produced in the eiectroconductive film 44 
by locally destroying, deforming or transforming the 
eiectroconductive 44 to show a fissure there in a proc- 
ess referred to energization forming Then, electrons will 
be emitted from the fissure and its vicinity 

An energization forming process ts a process where 
a voltage is applied to the pair of device electrodes 42 
and 43 The voltage to be used for energization forming 
preferably has a pulse waveform. A pulse voltage hav- 
ing a cortstant height or a constant peak voltage may be 
applied continuously as shown in FIG 5A or, alterna- 
tively, a pulse voltage havtng an increasing height or an 
increasing peak voltage may be applied as shown in 
FIG 5B The waveform is not limited to a triangular 
shape Rectangular or other shapes may also be used 
After the energization forming operation, tne device 
IS subjected to an "activation process' 

In an activation process, a pulse voltage may bo re- 
peatedly applied to the device m an atmosphere con 
taming organic substances to deposit a substance con 
taming carbon or a carbon compound as pnncioie 'nqro 
dient on and-or around the electron-emitting (o^z^on As 
a result ot the activation process botn the olcctnc cur 
rent that flows between the device eiectrodos ;c:ovict: 
current If) ano tho electric current generated Cy oioc 
tfons emitlod trom the eloctron-omiitinq region omis 


sion current le) rises 

The elcciron-emitting device that has been Iroatoo 
in an onorgizaiion forming process and an activator 
process IS then preferably subjected to a stabiii.^ai on 
5 process This is a process for rerrxDv^ng any organic sub- 
stances remaining near the electron -emating region m 
a vacuum envelope The exhausting equipment to oe 
used for this process preferably does not involve the use 
of oil so that It may not produce any evaporated oil that 
^0 can adversely affect the performance of the treated de- 
vice Thus, the use of an exhausting equipment com- 
prising a sorption pump and an ion pump may bo a pref- 
erable choice 

Tne partial pressure of the organic gas m 'he va:- 
uum envelope is such that no additional carbon c c.;r- 
bon compound would not be deposited on tho dovi::e 
and preferably lower than 1 3x 1 0-^Pa and more orefer- 
abiy lower than 1 3xiO-SPa The vacuum cnveicpe is 
pr eterably evacuated during heating the entire envelope 
^0 so that organic molecules adsorbed by the inner wall c:f 
the vacuum envelope and the electron-emitting device 
may also be easily eliminated While the vacuum enve- 
lope IS preferably heated to 60 to 250"C particula: v 
higher than 1 50='C for a period as long as possible ot^^ - 
er heating conditions may alternatively be seiocte: ao- 
pending on the size and the profile o: the vacuur- onvo- 
Icpe and the configuration of the electron -emifm.;; de- 
vice in the envelope as well as other considerations The 
pressure in the vacuum envelope needs to be rTiadc as 
^0 low as possible and is preferably lower than 1 > i C "^P ^. 
and more preferably lower than 1.3xiO-^Pa 

Preferably, the atmosphere after the complo;ion oi 
the stabilization process is maintained for driving the 
electron-emitting device, although lower pressure may 
J5 alternatively be used without damaging the stability c* 
operation of the electron-emitting device or the electro: i 
source it the organic substances in the envelope a.'o su' - 
ficiently removed. 

By using such an atmosphere, the formation o* any 
^0 additional deposit of carton or a carbon compound can 
be effectively suppressed and the moisture and the ox - 
ygen adsorbed by the vacuum envelope and 'he suo- 
strate can be eliminated to consequently staDihze tne 
device current If and the emission current le 
-^5 FIG 9 shows a graph schematically illustrating the 

relationship between the device voltage Vt nna t^^e 
emission current le and the device current If of sciiacc 
conauction electron-emitting device prepared ir- i r\v- 
nor as described above Note that diforeni unit j-o 
^-0 bilrariiy selected for le ana if m FIG ?■ m vievv o: ;n.? ^ ic: 
that le has a magnitude by tar smaher tnar^, tr\i: 
Aiso note that both the vertical and t'ansvers,:. :* 
th.G craph represent a linear scale 

^-elerrinq to FIG 9 the elocl^crvo- :; - . 
s'lo.vs a sudJon and sharp increase t'^o O'^^ ...^ ^^-^ 
re:: 0 when the device voiiHqo VI acC 
coeosa cehdir^ level (which is relorre:: ic .i:. ,: - : 

voltaqo hereinafter ano mdicaloa V:^ i • 
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whereas the emission current le is praciicalty undetec^ 
table when the applied voiiage is found lower than int? 
threshold value Vth Oiftorently staled, the electron- 
emitting device IS a non -linear device having a clear 
threshold voltage Vth for the emission current Ic Thus 
an imaqe-forming aooaratus can be roali/od by two-di- 
mensionally arranging a number of electron-emitting de- 
vices with an image-:crm[ng member disposed vis-a-vis 
the devices and connecting the electron -emitting device 
with a matrix wiring system Then, images can bo 
formed by driving selected ones of the electron-emitting 
devices to omit electriDns by moans of a simple matrix 
drive arrangerrieni -ind irraaiatmg the imago-formtng 
member with electrons 

Now. the image -forminq member corrprising a flu- 
orescent film will be describee FIGS 10A and 10B 
schematically illustrate t7;o possioie arrangements of 
fluorescent filrTi White the fiuorescent tiim 51 comprises 
only a single fluoroscofTt cody if the d;spiay panel is used 
for displaying black and wnite pictures, it needs to com- 
prise for displaying color pictures black rondudive 
members 52 and fluorcsscnt bodies 5.3 of which the 
former are referred to as biack stripes or a brack matrix 
depending on the arrancement of the fluorescent bDd- 
les Black slnpes or members o* a black matrix are ar- 
ranged for a color display panel between the fluorescent 
bodies 53 so that any possible mixing of tfveo different 
primary colors are made loss discriminable and the ad- 
verse effect of reducing the contrast of displayed images 
of reflected external tight is weakened by blackening the 
surrounding areas While graphite is normally used as 
a principal ingredient of the black stripes, other conduc- 
tive material having low light transmissivity and reflec- 
tivity may alternatively be used 

A precipitation or printing technique is suitably be 
used for applying a fluorescent materia! on the face plate 
1 1 regardless of black and white or color display An or- 
dinary metal back is arranged on the inner surface of 
the fluorescent film 51 The metal back is provided in 
order to enhance the luminance of the display panel by 
causing the rays of light emitted from the fluorescent 
bodies and directed to the inside of the envelope to turn 
back toward the face plate 1 1 , to use it as an electrode 
for applying an accelerating voltage to electron beams 
and to protect the fluorescent bodies against damages 
that may be causea when negative ions generated n- 
side the envelope coHide with them It is prepared by 
smo<othing the inner surface of the fluorescent film /m 
an operation normally called "ftlming') <^nd for.mmq .^n 
Al film thereon by vacuum evaporation after tcrrninq tne 
fluorescent film 

A transparent eiectr.CMje may bo fcrmoc on outer 
surface of the fluorescent film 51 of the face f.lato in or- 
der to raise tfio conductivilv of the fluorescon: tiirn 51 

Care should be tal-.on lo accurately aliar- eac^ hO! 
of color fluorescon: bcOios and an oioct ' orvorTun -v- j^. 
vice. If a color display is ir^volvod befofo Ifv? above iic'oj 
corTipononts ot Iho envelope are bonded loqo;hor 


.A !h,n f,at lypo oloctrcr^, beam image -torrTrr^ - .ip-,i- 
ratus - ^vinq a configuration as described above c.tr. 
orate with a remarkaoly improved reliability Such a thin 
flat typo imago-fc rming apparatus is made to dispiay 'rr; - 
age by applying a scan signal and an imago signal to 
the eioclron-emiitina devices connected by means of .i 
matrix wiring arrangement and also a high voltage :o tho 
metai back of the imiage-formtng member 

The invention will be described fuHher on by refer- 
ring :o the drawings and by way of examples 

[E xamplo 1 ] 

in this example an electron source wa^ f;roparoc 
for an imago-formma apparatus by arranqing a piuralitv 
of surface condnon oloctron-omitting devicoc c-n the 
roar Plate of the .::pcaratu5 that was used as substrate 
and connocting t^em. by moans of a matrix winr^q ar- 
rangement The steps of manufacturing the apparatus 
will be described by ^ofernng to FIGS 3A through 3E 
and 4 


fStec 


After thorougnly cleansing a soda Iir-ie class plate 
an S1O2 film was f :rmed thereon to a thickness of 0 5um 
by sputtering to produce a rear plate 1 Then a circula- 
through hole 7 (see FIG 1 ) for introducing a high vo.'ago 
terminal was bored through the rear plate to a oiamolo' 
of 4mm by means of an ultrasonic boring machine 

Then a Ti film and an Ni film were sequentially 
formed to respective thicknesses of 5nm and 1 COnm on 
the rear plale by sputtering and phololithcgrap hy :o pre 
duce a pair of device electrodes 21 ana 22 for eacn eioc 
tron-emitting device The device electrodes wore sepa- 
rated by 2)im from each other {FIG 3A) 

(Slep-b) 

Subsequently Ag paste was applied to the rear 
plate to show a predetermined pattern by printing anc 
then baked to pr.xJuce Y-directional wires 23 whicn 
were extended to the outside of the eleclrc^n source 
forming region fo' electron source onve w:ros 3-2 as 
shciwn in FIG 1 Each of the wires was 1 GOu^^i w .-i'lO 
about IOlut^ thick ,'FIG 38) 

(Step-c) 

Then, paste p-opared by mi>ing PcO ;%^^ic^: v..: > "^-^ 
principal ingrooio^^t and giass bmac wa.s atv.jr*^': 
eon bv printing lo [::rcouc:o ari at; out 2-2^'^^ - \ . , 

tipn layer 24 for :r su atir^r; the Y-dirr'C' v. '-^ . v-- 

> ■diroc:ional W'^OS ^'."nc*" wiH t:o c-^'^r- r.^ ,-. 
■risuiat'On layer 2^ w^s prcv doc w "- ' / 
'^■"Q Pov.ce oioc;'(>::oc 2^ oacr^ r. ■■ ■ . 

v^.:o *c -ii.ow tn.^ aovco ^^'^:t^o^^^s ' - •■■ . ■ ; ■ 
the CO' 'ospondrn - X-a w - 1 ^ ' 
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(Slep-d) 

Thereafter, X-directional wires 2b wore torrneo on 
the insulation layer 24 (FiG 3D) ir^ a mnnnQt as de- 
scribed above for the Y-diroctional wires 23 Each o* the 
X-directional wires 25 was 30Oiim wide and aboui lOur^i 
thick Subsequently an electroconductivo tiim 26 of fine 
PdO particles was formed for each device 

More specifically, the electroconducitve filn^i 26 was 
produced by forming a Cr film on the substrate 1 carrying 
thereon the wires 23 and 25 by spultenng anc then an 
opening having a contour correspondincj lo thai of the 
Giectrooonductive film 26 was formed ihro..gh the ■::r film 
for each device by photolithography 

Thereafter, a solution of an organic P ccm;jcund 
(ccp-4230: available from (Jkuno Pharrriaceuticdl Co 
Ltd ) was applied to the Cr film and baked at S-dO'C for 
1 2 minutes in the atmosphere ic produce -i t:!n^ fine 
PdO particles Then the Cr fiim was re'riovea ty wet 
etching and the fine PdO particle film was hftec oM to 
produce the electroconductive film 26 havirg the c rede- 
termined contour (FIG 3E) 

(Step-e) 

Once again paste prepared by mixi^.c PbO /.mch 
was the principal ingredient and glass bin jer was ap- 
plied to the rear plate in the area other trian those of the 
device electrodes 21 , 22, the X- and V-dir ectional wires 
25, 23 and the electroconductive ti.ms 25 {electron 
source region 2 in FIG 1 ), wmch corresponds to tne in- 
side of the support frame 4 in FIG 1 

(Step f) 

Thereafter. Au paste was apphed to a 0 5mm thick 
frame of quartz glass having a profile substantially same 
as that of the low resistance electric conductor to be 
formed but having a width slightly greater than that of 
the latter as shown m FIG 4 Then, the Au paste was 
baked to produce an Au low resistance electric conduc- 
tor 5 that was 2mm wide and atx»ut lOOum thick Note 
however, that each o( the four comers providing abutting 
sections 6 for the ground connection terminal was m the 
form of a quarter of a circle with a radius of 5mm and 
the portion for forming a through hole 7 for tne high volt- 
age lead-in terminal had a circular profi'o w th a diamoler 
of 9mm. through the center of which a 'nrc)ugh hoio was 
bored to show a diameter of 4mm T^io low resistance 
electric conductor 5 was then oiated on the rear plate 
with the through hole 7 aligned with tne rugh voltage 
load-in terminal and the glass p.iste was tieal treated by 
produce the insulation tayc^ ar^d at ttit^ s.^fne timo se- 
C'u'o the quaaz qiass IrarTio 27 :a'^v'^'0 r^^^'oo-^ 2-'-^ '-^v, 
resistance eiectnc c j^nductcr 5 lo ;rit^ ;^'c;:o' ^3cs : or^ 

Quart/ glass \\ usee tc !:ar-io r .-.^- * ^ 

provide a sufticie'i' proverM:0'i j!t.>-oc:'..: c.^^■i^:^^;v'^ 
between the low' rosisir^rico o.e.:t":: conoij;:or S i':a imo 


W 


electron source Onvo wires 3-1 3-2 and 3-3 I ho^o!c 
tf It IS possible to prcvioc a sufticient dielectric wit^^sta -.o 
voltage by moans of giass paste the insulator: dve^ 
may be made of glass paste and a low rosistarco o'*: ;• 
trie conductor 5 may be rTiado thereon 

(Step g) 

A support frame 4 was bonded to the rear plate by 
means of frit glass to secure a gap between the rea.r 
plate and the face plate 1 1 as shown in FIGS 1 and 2A 
through 2C At the same time a getter 8 was rigidly se- 
cured to Its proper position by means of frit glass Then 
an anil -charge film 14 was formed to show a sneet re- 
sistance of about ^0°^^'U by spray-coating a aispe:so 
solution of fine carbon particles onto trie areas tfiat rnaKO 
the inner surface of the vacuum envelope and then dry- 
ing the solution 

(Step-n) 


Then a face plate was prepared by using a su::- 
strate ot soda lime glass having an SiC)2 layer as m t^ie 
case cl the rear plate An opemrng for connecting an ex- 
haust pipe anc a ground conneclicn terminal lead-in pet 
were f Drmed by ultrasonic cutting Thereafter, h.gh vor- 
age lead-in terminal abutting sections and wires for cor - 
necting them to the metal back were formed v;ith Au an 3 
then black stripes and stripe-shaped fluorescent bCKjies 
were formed for the fluorescent film and subjected to a 
filming operation Then, an Al film was formed thereon 
to a thickness of about 20pm by vacuum evaporation :o 
producea metal back Subsequently an anti-charge film 
14 was formed by spray-coating a disperse solution cf 
35 fine carbon particles onto the areas thai make the inner 
surtace of the vacuum envelope and then drying the so- 
lution Ot the produced film, the areas formed on tne 
metal back has the effect of suppressing reflection of 
incident electron beams and hence preventing charce- 
•^0 ups from taking place due to reflected electrons thai col- 
lide with the inner wall of the vacuum envelope 

(Step-i) 


JO 


The support frame 4 bonded to tne rear plate 
then tDonded to the face plate by means of Irit glass 
ground connection terminal the high voltage iead-ir 
minal and the exhaust pipe were bonded also at 
stage of operation The ground connection to^rrunai 
the hign voltage lead-in terminal wore prepared oy * 
inq an Au-coated Ag rod into an insulator containing 
mma as principal ingredient 

\c\c that the oleclron-emittmo cevices o! tr-^ >: 
t'On source and the tluoroscen; : 2u^ '.ic^ 

■AC^o carefully aiianed 'c.- nosi'iO'na co^-f es-^- 3"o-"''^ : 


was 
Tne 
ter- 
this 
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■ Step-j) 

The prepared imagG^formir^g app.-iratus was tnon 
conrTocted to an exhausting equipment by way of an ox - 
Mriusi pipe to evacuate the inside of the envelope to a 
pressure level of 1 0"**Pa or lower when an energization 
f Drmmg process was starled 

The energization forming process was conducteo 
by applying a pulse voltage with a peak value gradually 
increasing with time as schematically illustrated in FIG 
^:>E3 to the electron-emitting devices on a row by row ba- 
sis along the X-direction The pulse width and the pulse 
inierval were Ti::imsoc and T2=10msGC respectiveiv 
LJ-jrirng the energization forming process an e>tra pulse 
vollacio of 0 1 V was insened into interv.ils of the forming 
pulse voltage tr^ order to determine the resistance of the 
eloctfon omiiiing device and the enefgi/ation formi'-^g 
coeration was lerminatod for a row when the resis!dn::e 
cxceeaed l Wl2 In this way. an energization fofming op- 
eration was performed for all the rows to complete the 

T'TOCOSS 

; StGp-k;. 

S)Ubsequen'.ly the electron source was sub)ecteG 
activation process Prior to this prc^cess. the insido 
C'f the vacuum envelope was further evacuated to a 
pressure level of less than lO'^Pa by means ot an ion 
pump keeping the image-forming apparatus to 200' C: 
Subsequently, acetone was introduced into the vacuum 
envelope until the internal pressure rose to 1 3x 1 0'^Pa 
Then a rectangular pulse voltage with a height of IbV 
was applied to the X<jirectional wires on a one by one 
basis The pulse width and the pulse interval we^e 
lOOusGC and125fisGc respectively Thus, a pulse volt- 
age was applied to each of the X-directtonal wires with 
a pitch of 10msec As a result of this process, a film con- 
taining cartDon as principal ingredient was deposited on 
and around the electron-emitting region of each elec- 
tron-emitting device to raise the device current It 

fStep-l) 

Thereafter, a stabilization process was earned out 
The inside of the vacuum envelope was evacuated once 
agaif^, by means of an ion pump for 1 0 hcturs. maintamr^.g 
the imagG-torming apparatus to 200°C: This step was 
t'.^r removing molecules of organic substances rGrr--!in- 
inq ir^ tne vacuum erweiope to prevent any tyrUTor 
qrowih of the deposited film containin.:; carbon as pnn 
cipral ingredient and stabilize tfie perfC'rmancc ol OriC'^. 
'?ioc'r'.."^r^. om'ttma device 


A'lor cooiin,-:; 'he irnaoe -torrTiinq aupafatus to ' 
!':"T:;^_^^i:l.J^e tne urcjno connection lormirv-ii was ..^c 


tc the A-d' >y.:\\or.^i wires .is ir^ Stop-K and ada.t.cva!' , 
a vcliago c :d'>^V w^as ..lipp loa to the im,aqe -forming r^iem. - 
bo^ oy w.iy of the hign voltage leaa-in terminal to make 
tne fluorescent film emit liqnt The application of the ro- 

5 soective voltages to the >. -directional wires and to tro 
im.age-forming member was terminated after visually 
confirrr.ing that the fluorescent film was emitting lign; 
■jniformly without any areas that were not emitting lignt 
or appeareo very dark Then the exhaust pipe vyas her- 

?o meticaKy sealed by heating and melting it Thereafter 
•ne image-torming apparatus was subjected to a getter 
process using high frequency heating to corripi'- ~ t'-^.e 
er^.tire rTnanufacturing steps 

AnDthf-r specimen ot image-forming apparatus was 

'5 prepared by following the above described stops anc 
'hen the fa:G plate was partly cut out to observe tfie irTv 
pedan:e bc-tween tne low resistance e'ectnc conductor 
^.na tht! gr-jund which was about lOU Then imped- 
ance was coserved once again after cutting the e'ectric 

--0 connection between the ground connection terminal 
and the qrc'und to find out it was equal to about 1 Mil 
wnich lepresented the electric resistance between the 
iQw res sta^^ce electric conductor anc the ground without 
tne grcjnc connection line 

Then .'o'tages were applied again tc tht^ electron 
source and tfio image-forming member ol the image- 
fo^ming apparatus of Example 1 respectively to make 
tne image-forming member emit light The voltage ac 
phed to the image -forming member was SkV 

30 Althouch not shown in FIG 6A, the oeripneral por- 

tion of the face plate of the image-fo^ming apparatus 
was secured to the ground by means of elect-oconduc- 
tive rubber during the above observation so that sub- 
stantially n :■ electrolytic current flowed between the face 

35 plate and 'ho support frame and between the suopori 
frame and the rear plate and the frit glass bonding then^ 
v;as prevented from degradation 

The operation of driving the image-forming appara- 
tus was observed by connecting an ammeter 32 be- 

-io tween the high voltage source 31 and the high voltage 
lead-in terminal 16 as schematically illustrated in FIG 
6A to see olei:tric discharges by way of the electric cur- 
rent flowing between themi In FIG 6A reference nu- 
m,erals 33 34 and 35 denote respectively a recoraer an 
electron sc-urce drive circuit and the imaqc-fornrng ap- 
paratus The rimmeter 32 norr^alty detected only a ver\' 
small electric current which presumaclv represc^^toc 
current rT^C'Stly flowing throuQh the anti cna'L:;o t irr 
on tfie inner surface of tne vacuum envoicoe o; I'^o -^r.- 
.ige -terming apparatus 35. althougn peaks as incicalec 
by arrows m FIG 6B appeared occasionally coj-^ 
t'^a! 0 ectr 0 (iischaraes (occurred .n t":e v.icu'/^' 
'SCO ^ u s t n 0 n u m b 0 r of e ' o c t ric o : s c ^ ■ : ■ ' ' ; ^ ; ' ^ : : c ■;- 
' r^vfvi,^ J'V reCO'dinq the -^lOCtriC C..':'^'"' 

■'■■^ ^' •'7 OL>?fa!icn ot tne aoC've ins.-ioe : S'S ^' - 
;.>s was ^..'.'hserved continuously * " ' : 

,vnicM Six eiectMc disch.vqes wco • - - : : " 
' -iws s;j.^h is iir^e-y f'iws wer*-^ <■ : ^s ^ 
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[LXrjmple 2] 

An irTi.iqo-forming apparatus was prepared as m 
bxarnple i except that the low resistance electric con- 
ductor 5 was made of graphite paste and then the per- 
fornnanco of the prepared apparatus was ohsorved tn a 
manner as described above to find out that it operated 
as Its counterpart of Example 1 . in which the low resist- 
ance electric conductor was formed by baking Au The 
electric resistance between the low resistance electric 
conductor c: the apparatus and the ground was aboui 
1 0OU and no substantial difference existed t etweon tno 
.apparatus cf Example l and that of this exr^n^pie 

(E <arriple 3] 

In the imaqe-fcrming apparatus of Exar-pole 1 the 
ground connection terminal was introduced into the vac^ 
uurm envelope from the face ptate side and the high vo':- 
age lead-in terminal was introduced into il from tne rear 
plate side To the contran/. m this example 'he ground 
connection terminal was introduced into the vacuum en ■ 
velope from the rear plate side and the hign voltage 
ioad-in termuial was introduced into it from the face plate 
side as schematically shown in FIGS 7Aand7B When 
observed, the prepared image-forming apparatus oper- 
ated as Its counterpart of Example 1 , With the arrange- 
ment of this example, the lateral side of the insulator i 7 
of the high voltage terminal was free from high voltages 
that could give rise to electric discharges and hence did 
not require the use of a low resistance electric conductor 
for It 


o:nerw,se the image-forming apparatus of this ex- 
was Identical with ,ts counterpart of Example T 
■^nd ooorated similarly, although the X-d.rectional w,res 
.vero c.^awn out of the vacuum envelope only at an end 
;^oreo' so that the wires denoted by reference sympol 
3 and the ground connection terminal 1 9 wore not lay- 
ered in tno apparatus of this example 

With this arrangement, while grounding wires were 
mted to the ground connection terminal 19 at an end of 
tne rear plate, requiring an extra space, no through hole 
was required in the face ptate or the rear plate for ar- 
^ ^nging tne ground connection terminal so that the over- 
-'I conf-guraiion of the image-forming apparatus ana 
-once the process of manufacturing ,i was simplified 


(Example 4) 

An image-forming apparatus was prepared by fol- 
lowing the steps of Example 1 except that no anti-chargc 
film was formed in Step-h When the apparatus was driv- 
en by applying a voltage to the image-formmq member 
as in Example 1. a total of fifteen electrK: discharges 
were observed without damages to the electron-emit- 
ting devices 

[Example 5) 

FIG 12A IS a schematic plan view of the imago- 
formmg apparatus prepared in this example showing 
Ihc inside by removing the face plate FiG 12B is a 
schematic cross sectional view taken along lino 12B- 
128 in FIG 12A In F.'GS l2Aandl2B reference nu- 
meral ^o denotes a ground connection iGrm,n.^i ttvhcJo 
eiectroconcuctive film and prepared by way of a : ■ 
ess similar lo I-,e one lor preparing the electron source 
drive wires 3-1 3-2 and 3-3 and the low resistance elec 
'nc conductor t The use of a wide eieciroconduct,ve 
film sufficiently reduced the oiectnc resistance o! this ,u- 


30 


35 


in tn^s example the low resistance electric conduc- 
tor was arranged only on a lateral side of the electron 
source as schematically shown in FIG 13 A through 
nole was formed in the face plate for the hign voltagp 
'e,.d-in terminal as tn E)(ample 3 Otherwise the aopa^ 
'-tus o' this example was identical with its counterpart 
ofExamclel For driving the electron source the X-di- 
rectiorial wires and the V-directional wires operand as 
tne negative side and the positive side respectively and 
the electron-emitting devices and the above menticnod 
wires were connected in a manner as shown tn FIG 3E 
so that the momentum of electrons emitted from the 
electron source had a component directed from right to 
feft-nFIG 13 Therefore electrons scattered by the im- 
ago-forming member were assumed to be apt to collide 
wi'h the left lateral side of the vacuum envelope and 
hence electric discharges could easily occur there This 
was the reason why the low resistance electric conduc- 
tor was arranged only on the left side of the electron 
source as shown ,n FIG 13 to avoid damages to the 
electron-emitting devices 

Note that the effect of this example can be achieved 
^0 by using transversal field emission type electron-emit- 
fing devices as electron-emitting devices of an image- 
forming apparatus according to the invention Also note 
that the low resistance electric conductor may be ar- 
ranged any limited areas that are apt to give rise to elec- 
tric discharges for some reason or another 

(Example 7| 

In this example the hi ^h voltage lead-m :c'^^r^ i r, 
anc the ground connection terrTimal 15 were botn intro- 
duced through the roar plate FiG 14 isasch.-- v,-^. 
v:ew of the constitution ol ;nis example sho;'.-c :-o ^n 
3::ie o! iMe envelope Oy romovmq the face 
-'0:-.s seci'ons takers a^onq nr^es 2A-2A ?::. \- ..^ ^ 7^- 
rA,-ue shown in FIGS 2A 2C ^no 7A res^ro '-.^ 
ccnouctor rod 16 of the gound connecUc: •o.--/',, ■ ^. 
was connected lo the low resistance e'ec- ^ /c-- ^ 
5 As shown in FIG :4 tho hiqn v.yi.i-o 
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bo used tor the ground conneciion tGrmmal throuqti 
which a large currerii could flov; ^no the high vo.taqe 
terminal lo be subjected to a hign vt^ltage wore d.-awn 
out to the rear side ct the image-for.Tiinq apparatus lo 
the advantage of safeguarding the user Additionally the 
image-forming apparatus was tree trom projections to 
provide an advantage in terms of appearance and an 
ur^obstructed wide viewing angle Finally, this arrange- 
ment was also advantageous in that the drive circuit and 
other components could be arranged on the rear side of 
the rear plate to reduce the height of the image-forming 
apparatus 

It should be understood however that the high volt- 
age load-in terminal and the ground connection terminal 
rray be arranged arbitrarily a! suitable positions de^ 
pending on the configuration or structure of the image- 
torming apparatus, without incurring any limitation to the 
nbove-illustrated structure 

While the present invention is described in terrrs of 
[he use of surtace conduction electron-emitting devices 
for the electron source the present invention is not hm^ 
itod thereto by any means and the surlace conduction 
electron-emitting devices may be replaced by field omis- 
s'on type electron-em'tting devices, semiconductor 
electron-emitting devices and electron-emitting devices 
of some other type 

Furthermore while the rear plaie of the image-form- 
ing apparatus operated as the substrate of the electron 
source in any of the above examples, they might alter- 
natively be prepared separately so that the substrate 
could be secured to the rear plate after preparing the 
electron source 

The above described members of an image-forming 
apparatus according to the invention can be modified 
without departing from the spirit and the scope of the 
present invention The row<jirectional wires 3-1 and 3-2 
shown in FIG 1 can be drawn out only from a side 

Thus, an image-forming apparatus according to the 
invention is effectively protected against degradation of 
and damages to the electron source and the electron 
source drive circuit if electric discharges occur within the 
vacuum envelope of the apparatus and hence operates 
reliably 

Therefore, the members of the vacuum envelope of 
an image-forming apparatus according to the invention 
are protected against cracks that can be produced as a 
result of electric discharges occurring there 

Finally, according to the invention an image-torm- 
ing apparatus comf: rising an electron source can be 
made very thin 


C laims 
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7. 


8. 


10. 


■i^rangod on tno inner wail surface ol the onveiopo 
between tne election scjrce and the imaqo-fcrrTimg 
^-omcer anc an oioctnc current flow path A oxlond- 
- hotwoon tr,o G-ectroconducttve momfcor ana the 
q.^aund witncjt pass-nq '.^-irougti any of the electron 
source ana Iho cnve circuit characterized in that 
said electric current flow path A has a resistance 
lower than the resistance of another electric current 
flow path B extenoing between the electroconduc- 
live member and the ground by way of the electron 
source or the drive circuit 

An image-forming appcir^tus according to clairr^ 1 
wherein said image-formirK^ rTTember is formed to 
entiretv surround the election source 

An image-forming atrf aratus according to cl.nrTi 1 , 
whorein said envelope carries an anti-chargo film 
anangod on the inner w-Ji surface thereof 

An image-forminq apparatus according to claim 1, 
vvherein saia anii-cnarge him is electrically coneect- 
ed :o said e!ectrccon:j.c:.vo member 

An image-forming apparatus according lo claim 1 , 
wherein said envelope carries an electroconductive 
film having a sheet resistance between lO^t^y.^and 
lO^OlMD on the inner v/all surtace thereof 

An image-forming apparatus according to claim 5, 
wherein said electroconductive film is electrically 
connected to said electroconductive member 

An image-forming apparatus according to cia^m 1, 
wherein said electric current flow path A has a re- 
sistance not greater than 1/10 of the resistance of 
said electric current flow path B 

An image-forming apparatus according to ciaim 1. 
wherein said image-forming member is arranged 
opposite to said electron source and said electro- 
conductive member is arranged on the substrate 
side of the envelope where the electron source is 
arranged 

An image-forming apparatus according to claim S 
wt^erein said electron source is entirely surrounded 
by said electroconductive member 

An image-forminq apcaraius according to cia-^: *? 
wherein said elecir'c current flow path A n,^.s rc-- 
d'jctor terminal acultina jqa,n._^; i,, 
CLJCtivo momt:e^ 


1. An im-iao-torrni:'C apparatus compnstnc; an eru'O- 
lope an electron source and an imaqe-iormnq 
memtDor afrarM:]ea withm saia envelope an electron 
soun:o dnvo Circji! an electroconductive r-^ember 


1 1. A:^ imaqe-Iorminc aooaratub acc 
whiore^n said concucto' 'ermirvii 
envelope throjgt^ '^^o, s;.c.5:raio ■ 
the ^niaqe ■fo^mmc: r^^o^^^-ce- ■c .r 
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1 2. An image-forming apparatus according (o claim 1 0 
wherein said conductor terminal is drawn out of the 
envelope through the substrate side thereof where 
the electron source is arranged 

1 3. An image-forming apparatus according to claim 1 1 
or 12, wherein an insulator is arranged between 
said conductor terminal and the site through which 
It IS drawn out 

14. An image-forming apparatus according to claim 8, 
wherein said image-forming ;nember has an accel- 
erator electrode for accelerating the electrons emit- 
ted from the electron source and the voltage apply- 
ing terminal of the accelerator electrode is drawn 
out of the envelope through the substrate side 
thereof where the electron source is arranged 


15. An image-forming apparatus according to claim 1 4. 
wherein said electric current flow path A has a con- 20 
ductor terminal abutting against said electrocon- 
ductive member 

16. An image-forming apparatus according to claim 8. 
wherein said image-forming member has an accel- 25 
erator electrode for accelerating the electrons emit- 
ted from the electron source and the voltage apply- 
ing terminal of the accelerator electrode is drawn 

out of the envelope through the substrate side 
thereof where the image-forming member is ar- 30 
ranged 


22. An image-forming apparatus according to clairTi 2. 1 
wherein satd electroconductivo f;irr, m Gioc!r::.r^^ 
connected to said oloctroccnductivo membo^ 

23. An image-forming apparatus according to clairrT e 
wtierein said electric current flow path A has a re 
sistance not greater than 1/10 of the resistance o 
said electric current flow path B 

24. An image-forming apparatus according to claim 1 
wherein said electron source has a plurality of elec 
tron-emitting devices connected Ic wires 

25. An image-forming apparatus according to cia^m 1 
wtierein said electron source has :i cljrality of oioc- 
tron-emitting devices connoctOG by a plurality ol 
row-directional wires and a pluraliiy of column -di- 
rectional wires arrange- to form a matrix 

26. An image-forming apparatus according to claim 24 
or 25 wherein said electron-crTnifng devices are 
cold cathode devices 

27. An image-forming apparatus according to ciaim 26 
wherein said cold caihoae devices arc surtaco con- 
duction electron-emitting devices 


17. An image-forming apparatus according to any of 
claims 14 thourgh 16, wlnerein an insulator is ar- 
ranged between said voltage applying terminal of os 
the accelerator electrode and the site through which 
It IS drawn out 


1 8. An image-forming apparatus according to claim 1 7, 
wherein said electroconductivo mebmer is ar- 
ranged around the site through which the voltage 
applying terminal of the accelerator electrode is 
drawn out with said insulator disposed therebe- 
tween 

45 

19. An image-forming apparatus according to clairTi 8. 
wherein said envelope carries an anti^harge film 
arranged on the inner wall surface thereof 

20. An imago-forming apparatus according to claim 1 Q so 
wherein said anti-chargo film is eleclncally connect- 
ed to said otcclroconductive member 

21. An imago-form:ng apparatus according to cahrTi IQ 
Wherein said onvolopo carries an eloctroconouctivo i^^^ 
tilm having a s^^ool rosistc^ncG bet woon I0^s.i' :,rid 
I0'^!.r : on the -nnnr vvai! Surface ihercof 
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FIG. 2A 



FIG. 2B 
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FIG. 3A 


FIG. 3B 
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FIG. 3D 
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FIG. 5A 
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FIG. 6A 
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FIG. 7A 
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FIG. 8A 
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FIG. 9 
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FIG. 10B 
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FIG. 11 A 
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FIG. 12A 
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FIG. 14 
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